8 _ g a ARR No. 4H08

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

'WARTIME REPORT

November 1944 as
Advance Restricted Report 4HO8
EFFECT OF DEVELOPED WIDTH ON STRENGTH OF AXTALLY
LOADED CURVED SHEET STRINGER PANELS
By Albert E. McPherson, Kenneth L. Fienup, and

George Zibritosky
National Bureau of Standards

Y S AR

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

W-51




3 1178 01354 4gq,
HACA ARR No. LEO8

NATIONAYL ADVISORY COMMITTEE FOR AEBRONAUTICS

_ATVANCE RESTRICTED REPORT .

IIFECT OF DEVELOPED WIDTH ON STRENGTH OF AXTALLY
LOADED CURVED SHERT STRINGER PANHLS

By Albert By McPhersocn, Kennoth L. Flemup, and
George Zibritosky

SUMMARY

Corpression teste wore made on six 24S5-T alumimin alloy curved
shoet-stringer panels 12 inches in length snd 24 inches in width,
relnforced by six Zeo stringers specod U inches between centerss
The panels had two redil of curvature, 76.5 inches and 25.5 inches,
nnd threo sheet thicknesses, 0,025, 0,100, and 0,189 inch, Ths penels
wero of the sano design ns elx of tho panels of reforence 1 except
for an increase in developed width from 16 inches to 24 inshose

The increase in developed wldth had no slgnificant effect on
the strain for buckling of sheet Butween-gtringers, the straln for
buckling of sheet botween rivets, tho lord cerried por sheet bey,
or the stress at frilure; howover, it did reduce the criticel streln
for Buckling of the prnel as a vhole hotweon edge guldes,

INTRODUCTION

Comparison of the results of tests of curved panels having
three shect bays with the roesulis of tcsts of curved ponels having
only one sheet bay (reference 1) shows that an increase in buckling
load of as much =28 100 percont nay result fron the incroase frqn one
to three in the numbor of shoet bnys used in the tost panele The
present report is intcnded to enswer the aquestion of whether or not
a further irncrease to five sheot beys would couse amy further increaso
in buckling lond and olso to slow whother or not there is a corres-
ponding effoct of the nunber of shcet bays on buckling betwean rivets,
oeffective width, and strength,
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The panels wore of the sane desizn as six of the panols of ref-
erence 1 exoept for an inoromse in developed. width from 16 inchos to
2’-’- inches,

This investigation, conducted et the National Bureau of Stand.-
ards, was sponsored by, and conducted with financlal assistance fron,
the National Advisory Comittee for Aeronsmtics.

APPARATUS AND TESTS

Panelse ~ The dinensions of the penels are glven in table 1
end in figure 1. The stringers, the sheet, and the riveta wore 248.T
aluninun alloys The stringers wero noninnlly of the sane dlnensions
" for ell the panelse Actually their oross-sectional aren varied bo=
tween 0,190 nand 0.199 square inch,

Tre thickness of tho sheot in the pancls was taken 28 the avcrw
age of 10 readinze, The varietion of shcoet thickness in a given
pancl did not exceed 0.0008 incke The area of the ponol wne deter-
nined fron the welght, dernsity, snd langth aftor correcting tho welght
for the welght of the rivet honds, This area egroed witi the area
obteined fron cross-sectional dinensinons within 1/2 percent.

Panels 1, 2, 3, 4, 5, and 6 hrd noninelly the same.shoot tiicle
ness, strincer spaclng, rivet specing, and curveture as panels 1, 3,
13, 15, 18, nnd 20, respectively, of reforence ls

Mcchanical properties of nmaterials =~ Shcet and stringer naferial

wad the sane ms that used for thoe panals of reforence 1,

Mecharnical properties of tho sheet matorial aro given in teble
2 and tonslle and compresslve strose-strcln curves are glven in figure
2s Tiguro 3 glves tho fauily A of comprossive stress-straln curves
for all stiringers nnd tho noninel stress-strain curve B used in cone
putetions for all panels,

Preoparation of pnnels. -~ The shoct was rolled to a radius ap-
proxinating the desired radius of cwrveture end the panels were fabrie
cated to nominael dinemsions by the Navel Alrcraft Factory in Phllr-
delphie,

The penols wore prepared for test by clamping then in a supporte
ing Jig having tho correct radius of curvnture and grinding tho onds
flat and parnllol.



NACA ARR No, 4HD8 3

SR-U4 wire strain gages were attached to the stringers with Duco
cement and the cement was allowed to dry 1 to 2 days.

Mounting panels in testing machine. — The tests were 'made in a

" 2,300,000~pound horizontal Emery testing machine (fig. U)e. The panel
and 1ts supporting Jig were suspended from the top screw of the test-
ing machine with the panel centroid at the center line of the testing
maochine heads. Ground steel blocks were suspended from the upper
sorew of the machine and were placed between the ends of the panel
and the heads of the testing machine, A plaster cap was then cast
between the end blook and the movable head of the testing machine at
a load of about 300 pounda,

. After the plaster cap had set the load was increased to about
1000 pounds, the supporting Jig removed, end edge guides attached
(fig. 5)« The edge guides spproximated the support of the sheet at
the stringers. They allowed the edge of the sheet to move freely in
ite own plane, but prevented lateral dlsplacements., Details of con-
struction of thesoe guides aro shown 1n figure & of reference 2.
FMgure H shows tho edgo guldes A and end blocks B attached to a panel.

It will be noted that the spaclng between the edge guldes and
the nearest stringer was only 2 inches insteed of belng equal to the
distance of 4 inches botween adjacent stringers. This was due ‘to an
oversight in the fabrication of the pancls., The rasulting effect on
the load carrled by the edge bays was talen into ascount in the
analysls of the data,

—. The method of suspending the welght of the panel, edgo guldes,
and end blocks from the top scrow of the testing mechine is saown in
figure U,

Straln measurements. -~ Twolve 2-lnch Tuckerman strain gages were
attachod to the stringors of thc pancl (fig. 5)e 8Six of these gages
vere attached directly to the outstanding flanges. The remaining six
gages measured the straein on the stringer flange Joined to the sheot
using the lever strain transfers doscribed on page U4 of reference 3

Stringer strains were measursd with tho Tuckerman strain geges
except during buckling, which was sometimes violent emough to throw
the Tuckermen strain geges out of adjustment. (See also referenco l.)
The change in strain during buckling was measured with two type A-l
SB-lIl wire strain gages attached to each stringer of the panel,
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Tgure 4 shows the method of reading the Tuckerman straln gages,
and the strain indicator 4 and switch B used for measurement of the
gtraln from the 12 wire goges.

Figure 6 shows the location of the straln gages on the stringer
ocross section. The streln ¢ at the centrold of the stringer and
the strain €' at the point of contact of tho sheet and the stringer
wvere computed as in reference 1 from the measured strains, on the
essumption that the strailn in tho stringer varled linearly with the
distance from the shect.

Buckling, -~ The buckling of the shoet betwseen stringers and the
twlating of the stringers uns notod by frequent visuml inspectlion,
The load for buckling of the shoot between rivets was taken as the
load at which peper 0.004 inch thick could be slid between tho shoet
and stringer mlidwey botwcen rivets,

After mounting the pancl in the testing machine, the sirain was
measured for small incroments in load. At a load of about 10 percent
of the expoctod maximum load the measured stralns werc compared to
chock on the uniformity of load distribution. The stralns were found
to scatter less than 10 percont from tholr averego value in every
casce Lozding was therefors continucd up to fallure.

BESULTS

Strains. — The loed-stralin graphs are showvn in figures 7 4o 12,
The stringer stralns are the strains € at the centroids of tho
stringors and tho shcet strains are the straine e¢' 4in the extreme
fiber of the stringer at the surface of contact between stringer
and sheet,

The increments in straln wero takon from the Tuckerman gage
reedings, oxcopt in thosc cases vhere tio Tuckerman gagos wore thrown
out of edjustment by sudden buckling of the sheoct; in suck cnses the
gtrain increments were taken from readings of the SB-i wire strain

Eag08,

Buckling, - The strains for buckling of tho shoet and for
stringer instabllity are given in tsble 3. A photograph of the
specimens after falluro is shown in figure 13. In panels 1, 2, and
3 the sheet buckled between stringorse The first indication of the

sheet buckling hoetween stringors for penol 1 was at a load ecual to
16 percent of tho maximum load and “the number of buckles incroascd
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until a load equal to 88 percent of the maximum was reacheds In
panels 3 and Y buckling between rivets took place at the maximunm
loads The buckles extended over an area including feour stringerss
The strains for buckling (table 3) werc obtained by extrapolation
of the load-stirain curve for the sheet at the stringers involved,
Panels 5 and 6 tuckled as a whole between cdge guides. In panel 5
the-entire sheet and all of the stringers buckled in a direction
avay from the axis of curvature of the panel. This was followed by
failure due to stringer instability. In pancl 6 stringer instabili-
ty occurred first and was foliowed Dy buckling.of tkhe panel as a
vhole; two stringers on each cdge and their adjoining sheet area
buckled toward the center of curvature of the panel while the cenber
two stringers and their adjoining sheet area buckled away from the
centor of curvature of %the panel,

Failures -~ The ulbtimate load, average stress at failurs, aver-
age stringer stress at failure, average sheet strain at failure, and
type of failure-are summarized in table Y.

ANALYSIS

Buckling of shect between stringers. — Figure 14 shows 2 dimen-
sionless plot of critical strain for buckling of the sheet betwcen
stringers plotted ageinst the curvature for panels 1, 2, and 3 and
for panels 1, 3, and 13 of rofercncc l. Panels 1, 3, and 13 of refe
erence 1 were nominally the same as panels 1, 2, and 3 of the present
report except that they were 16 inches in widths The buckling strains
for panels 1, 2, and 3 are from 10.4 percent smaller to 9 percent
larger than those for the corresponding pancls of reference 1. These
differences are considered to be witiin the experlmental deviation
due to slight variations in curvaturce

Leggett!s curves, for critical stress (reference U, fiz. 1) are
plotted in figure 1t as curve A for clemped support and curve B for
simple support for comparison with the observed data. The experi-~
mental criticel strains for the 2i-inch panels are from O to 55 per—
cent above Leggett's values for simnle supporte. Buckling loads
about half of those given herec were rcported by Crate and Levin
(reference 5)e The difference in buckling loads may be ascribed to
differences in the edge rcstrainte The pancls of references 5 and
6 differed from the present pancls in having the sheet reinforced
by stringers only at the cdges as compared to the reinforcemcnt by
stringers at six intermediate points for the prescnt panels. The
much greater stiffness at the edges of a sheet bay in the prosent
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tests against transverse displacenents in the planc of the sheet
would lead to higher buckling loads in the present tests,

Buckling of sheet between rivetss — Table 3 gives strains for
buckling of the shcet between rivets of 0.0039 and 0,0028 for pancls
3 ond y, respectively, The strains for the corresponding pancls of
smallor doveloped width (panels 13 and 15 of reference 1) worc 0.,0034
and 0,0032, Pancl 2 showed no indicntion of buckling of sheet be-
tveen rivets, vhile the correspending nanel of reference 1 buckled
at o strain of 0,0045, It was concluded that within the orror of
neasurement the increase in developed width of the panel from 16 to
24 inches had no cffect on the critical strain for buckling betwecn
rivetse

Shect load against edge straine - The load carricd by the shceb
between stringers wes computed by subtracting the stringer loads and
the load carried by the two half-vidth edge bays from the tobtal load
ond dividing by 5, the number of internal shect bays. The stringer
load was compubed- from the stringer arca, measured strain, and string-
er stress-strain curve, figure 3« The load carried by the half-
wvidth edge bays aftor buckling was computed either from Marguerrc's
formila (rofercnce 1, squation (1W)) or from Wenzek'!s formula (ref-
crence 1, eqation (15)) for simply supported shect, choosing tho
formula which gave the larger effcctive widtha.

The load P carried by the sheet between stringers is plotted
in dimensionless form Pb/Bt® against edge strain ratio €'b /[t
in figures 15 and 16, The points are plotted solid for €% 0,003
to show the effect of yielding of the materisl. TFigure 15 gives
the results for panels 1, 3, 5, and pancl 1 of refercnce 1 having a
radius of curvature of 75.5 inches, ond figure 16 gives the results
for panels 2, 4, 6, and panel 3 of roference 1 having a radius of
curvature of 25.5 inches.

Marguerre's formula (reference 1, equation (1¥)) for the eof-
fective width of flat sheet vith simply supported edges, is plotted
in figures 15 and 16 for coirparison with the measurcd loads. Com-
porison of the points with the curve shows that the obscrved loads
were highor except when e‘b“/t2<7. In this range most of the ob-
served points check the curve. Those points for vhich yielding
started after €!'»7/t” = 80 show a tendency to approach Marguerre's
curve for larger values of the edge strain ratio e‘b‘/t“.

Comparison of panel 1 of this revort with panel 1 of reference
1, figure 15, and comparison of pancl 2 of this rcport with panel 3
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of reference 1, figure 16, shows that increasing the width of the
penels from 16 inches (pancels of roforence 1) to 24 inches (pancls
of precsent report) has a negligible effcet on the load carricd in
the clastic rangce After ylelding the agreencent is still good for
figure 15 but not good for figure 16, The spread in figure 16 aftor
yiclding is probably due to the use of n nominal siress-strain curve
for the stringers in deternming the stringer load. After yiclding
tho crror due to using a nominal stress—strain curve would be great-
este Sincc the shceb has only half the area of the stringers, an
error in deternining stringer lond ajpcars megnified in the sheet
load,

The comparison shows, therefore, that within the error of
neasurcment, increasing the developcd width from 16 to 24 inches
hrs no effect on the load carried per shect day.

Buckling of panel as a vholc between edge quides. - Panels 5
and 6 began buckling as a whole betwecn edge guides at strains of
040030 and 0,0040, rcspectively; wvhile panel 18 (reference 1), which
had noninally the scme dimensions as pancl 5 except for a smaller
developed width, showed no indicabtion of buckling between edge
cuides and panel 20 (reference 1), which has noninally the sane
dimensions os pancl 6 cxcept for a smaller developed width, begzan
buckling as a whole betweon edge guides at a strain of 0.0050.

It follows that the increasc in deoveloped width of the pendls
from 16 inchos to 24 inches roduced the critical strain for buckling
of the panels as o whole between edge guides.

Strength of panclse = The neasurcd loads at failurc arc plotted
against compubted londs in figuro 17. The computed loads werc ob-
tained froa the nomogram for flat 24S-T a2luninun a2lloy parcls, fiz-
ure 56 of refercnce 2, assuming 2 siringer stress at failure of 39
ksi. This volue of stringor stress is an avorage for the flat panels
of reference 2, which had stringers of thec sone design as the striag-
ers used in this report.
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Figure 17 shows that the neasurcd loads were from 10 percent
higher to 9 percent lower than the loads computed from the nomograil
in reference 2, Table U4 gives the average stressecs at failure for
theo panels of reference l-of similar design to the panels of this
rcport, except for developed widthe Comparison shows that the
stresses at failure for the 2linch panels of this report were fron
7 percent lower to 6 percent lighor than the stresscs at failure
for the comparable l6~inch panels, Wit:in the error of measure-
nent, the developed width of the panel had no cffect on the average
stress at failurcs

National Burcau of Standards,
Washington, Ds C., August 8, 19Ll,
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Table 1. - Dimenslons of Panels

Average
Panel | Radius Cross=- cross- Length Developed | Thickness| Rivet
sectional | sectional of width of spacing | b/t L/t | bRt
area of area of panel of sheet
panel stringer panel
R 1 6b t L
{in.) (in.? | (4n.? (4n.) _(in.) (in.) | (in.)
1 7645 1.778 0.197 11.97 24,05 0.0248 0.50 161. |20.2 | 8.44
2 25.5 1.750 C.194 11.97 24,02 0.0245 0.50 163. 20.4'525.60
3 76,5 3.610 0,199 11.97 24.07 0.1003 1.50 39.9|15.0 | 2,09
4 25.5 3.553 0,192 11.98 24,10 0.0997 | 1.50 40.1115.0 .| 6.29
5 76.5 5.717 0.194 11.98 24,09 0.18¢9 1.50 21.2| 7,9 1.11
6 25.5 5,700 0.190 11.96 24,16 0.189 1.50 21.2| 7.9 3.32
Table 2. Tensile and Compressive Properties of Sheet
Nominal Direction Young's modulug __Yield strengt | Tensile
thickness of Tension Compression Tension Compression strength
of sheet load xsi kel kei ksi xsi
| (in.)
0.025 longitudinal 10,500 10,700 48.3 42,0 65.2
.025 transverse 10,600 - 44,1 -- 65.7
.100 longitudinal 10,400 10,500 58.5 47.5 737
.100 transverse 10,300 - 49,2 - 71.5
.188 longitudinal 10,400 10,500 54.5 44,8 7240
.188 transverse 10,500 - 47,0 - 69.0
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Table 3.- S8train for Buckling of Bheet and Instability of Stringers
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Buckling of
Panel | Buckling of Buckling of Instability | panel as a
sheet between | sheet bhetween of whole between
stringers rivets _stringer |edge guides = |
1l .0004 - .0041 -
2 .0008 - .00375 --
3 .0027 .0039* .00325 -
4 - .0028* .0033 -
5 - -- .0035 »0030
3 - - .0034 .0040
* Extrapolated from load strain curve
-- No buckling
Table 4.— Failure of Panels
P/A for
Stringer Sheet panel of Type of
Panel | Maximum Stress stress strain similar failure
load (average) (average) {average) design
(extrapolated) (extrapolated) | width = 16"
p P/4 Gst 6! (reference 1)
(kips) ksi ksi
1 57.0 32.1 39.2 .0054 31.0 stringer instability
2 5545 31.7 37.7 .0050 30.0 stringer instability
3 123.0 34,1 3742 .0045 32.9 stringer instability
*
4 123.7 34,8 34.0 .0032 34,7 stringer instability
5 192.8 33.7 40,0 .0029 2644 stringer instability
6 232,6 £40.8 37.5 .0043 40.7 Buckling between
edge guides.

* Change of buckle pattern at failure

it
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Figure 15.- Load per sheet bay against edge strain: radius, 76.5 inches.
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